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1. Introduction

We want to construct and test an 11.4 GHz dielectric structure based standing wave
accelerator. The motivation is to use modest RF power to achieve high gradient in a
dielectric loaded structure. Due to the available RF source at NRL (2 — 20 MW at 11.424
GHz), we would like to achieve > 30 MV/m gradient. In this paper, we calculate the
physics properties of a dielectric loaded standing wave accelerator, including field
distribution, quality factor Q and the dispersion relation of the,f,Mccelerating modes.

We also get the longitudinal electric field amplituég, along the axis under 3MW

input power for different length of such structure.

2. Electrical and Magnetic field distribution in a standing wave dielectric
structures.

This structure is a metallic tube with inner radlyspartially filled with isotropic
material with dielectric constamst containing a hole of radius at the center, shown as
Fig. 1.
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Fig. 1. Dielectric loaded standing wave structure.
Region I: vacuum, II: dielectric.



The Maxwell's equations for longitudinal fields are

2

2 HE P %—l
- - =0 2
ED 2’0 ° @
From Maxwell's equations, the longitudinal fields of givh region | and Il are
presented by, respectively,
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The transverse electric fiel@#sand magnetic fieldsl; in a waveguide can always be
expressed in terms of the longitudinal compon&pendH,. The longitudinal
component&; andH; are given by Maxwell equations
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For the general solution we have
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For TMyz mode we have
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Knowing E, and H,, and the boundary condition,
E,,(r=b¢,2=0 (20
the transverse electric and magnetic fields of TMg; can be computed by using Eq.(9),
e,
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With the boundary condition
E.(r¢,z2=0)=E,(r.¢,2=1)
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here we force v, =C, then we can obtain
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Forv, =c under f =11424GHz,
| =1313cm, 2.626cm, A . (16)

With the boundary condition
En(r=a,¢,2)=E,(r=2a¢.2) (17
we obtain
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Then fields in the standing wave structure can be written as
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3. Dispersion Relation

With the boundary condition

Hpu(r=a,¢,2 =H,(r=a¢,2) (21)
and Eqg. (20), we obtain the dispersion relation of this structure
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The dispersion relation of the standing wave structureis discrete.
For TMy,,mode, f =11424GHz, a = 0.3cm, b =0.4567cm, and fixed

| = % x8=10.50cm and &, =20, weobtain the dispersion relation of the SW structure

shown asin Fig.2.

SW Structure Dispersion Relation
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Hg. 2. Calculated 1 My,,, mode dispersion relation ot the SVV dielectric tube.

f =11424GHz, a=0.3cm, b = 0.4567cm, | = % x8=10.50cm and ¢, =20.

4. Calculation of the Quality Factor

Define Q isthe quality factor of the dielectric standing wave structure,
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The stored energy in the standing wave structure consist of theonein | and 11, or,
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Q, isthe quality factor of dielectric. Q,, isthe quality factor of copper wall.
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For TMy,gmode, f =11424GHz, v, =c, | :%x8:10.500m, g, =20,
0 =58%10"S/m and tané =107,
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From (30) and (31),
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s0 the attenuation is dominated by the copper wall losses rather than dielectric losses.

5. Longitudinal Electric Fields along the Axis

In the standing wave structure, input power P, is the same as the power loss on the

copper wall and in the dielectric. The coefficient A in Eqg. (19), or the longitudinal
electric field amplitude E,,, along the axis, can be calculated according to Eq. (23)-(26)

and (19)-(20).
For different SW structure length |, we calculated Q and E,,, under B, =3MW,

f =11424GHz, v, =c, ¢, =20, 0 =58%10"S/ m and tan¢ =107*. Theresultsare
shownin Fig. 3.

Q and Ez vs SW structure length
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Fig. 3. Calculated Q and E_,, for different length of the SW dielectric tube with the
parametersas £, =20, 0 =58x10’S/ m and tané =10~ under P,, = 3MW,
v, =cand f =11424GHz.



6. Conclusion

We have obtained the electrical and magnetic field distribution, dispersion relation and
the quality factor of the dielectric standing wave accelerating structures. The attenuation
in dielectric loaded structure at 11.424GHz is dominated by the copper wall losses rather
than dielectric losses. We also got the longitudinal electric field amplitude E,,, along the

axis under MW input power for different length of such structure. We found that for

this modest amount of RF power, one can obtain 20 — 60 MV/m gradient. This concludes
that we should construct a test standing wave accelerator so we can test the high gradient
X-band dielectric accelerator at NRL or somewhere else.



